Two series of tetrahydro-2H-1,3,5-thiadiazine-2-thione (THTT) derivatives were synthesized, 2a-f and 3a-f, by incorporation of β-alanine and β-phenylalanine respectively at the 5 th position of THTT moiety. Structures of these derivatives were verified by spectral and elemental methods of analyses. The lipophilic properties of the synthesized derivatives, expressed as calculated log P (Clog P), revealed that the β-phenylalanine derivatives, 3a-f, have enhanced lipophilic characters compared to the corresponding β-alanine analogues, 2a-f. Stability of the synthesized derivatives in aqueous buffer solution of pH 7.4, and in 80% human plasma were studied at 37°C using 
Introduction
Numerous studies have been published on the antibacterial[1-8], antifungal[1,2,4-6,8-10], antiviral [1,2, 11, 12] and tuberculostatic activities [4, 13, 14] of tetrahydro-2H-1,3,5-thiadizine-2-thione (THTT) derivatives as prodrug. 3,5-Dimethyl-tetrahydro-2H-1,3,5-thiadizine-2-thione is used against various soil fungi and some nematodes as phyto-protective and 3,5-dibenzyl tetrahydro-2H-1,3,5-thiadizine-2-thione is used topically against different kinds of dermatophytes in human medicine.
The antimicrobial activity of these compounds has been suggested to be based on isothiocyanates and thiocarbamic acids which are formed by hydrolysis of the THTT ring [15, 16] . The significance of nature of substituent at position no 3 and toxicity of substituent at position no 5 of the THTT ring has been reported [1,6].
Optimum activities had been obtained in compounds bearing lipophilic groups at the third position and hydrophilic ones at the fifth position [3] .
As a part of studies in progress in our laboratories to develop various types of bioreversible derivatives for chemical entities occurring in amino acids with potential antimicrobial activity the present work outlines the incorporation of β-alanine and β-phenylalanine at the fifth position of THTT structure. Comparative investigation of the chemical and enzymatic stability of these derivatives seemed to be of interest.
Materials and Methods

General
β-Alanine and β-phenylalanine were obtained from Sigma-Aldrich Chemie Gmbh, Munich (Germany). The HPLC solvents were obtained from Fluka Chemie GmbH, Buchs (Switzerland). The buffer reagents are of analytical grade and all other chemicals are of commercially available research-grade and were obtained from Fisher Scientific Middle East and Africa, Cairo (Egypt).
Melting points were determined on an electrothermal melting point apparatus Fa.
Sturat Scientific (England), and were uncorrected.
Precoated silica gel plates kiesel gel 0.25 mm, 60G F254, obtained from Merck, Darmstadt (Germany) and were used for thin layer chromatography. Developing solvent system of chloroform/ methanol (8:2) was used and the spots were detected by ultraviolet light.
UV spectra of ethanolic solutions of the synthesized compounds were measured on UVP -1601 Shimadzu spectrometer, Kyoto (Japan).
IR spectra (KBr disc) were recorded on IR-470 Shimadzu spectrometer, Kyoto (Japan). Carbon disulfide (10 mmol) was added portionwise to a stirred mixture of the appropriate alkyl or aralkylamine, 1a-f, (10 mmol) and potassium hydroxide (20%, 10 mmol) in water (5 ml), stirring was continued at ambient temperature for 4 hours. Formaldehyde solution (35%, 22 mmol) was added to the mixture and the stirring was continued for further one hour. The mixture was filtered and the resulting clear solution was added dropwise to a solution of β-alanine or β-phenylalanine (10 mmol) in a mixture of phosphate buffer ( pH 7.8, 5 ml) and ethanol (5 ml). After stirring for 2 hours at ambient temperature, dilute hydrochloric acid (~ 5 ml) was added and the stirring continued for further 1 hour.
The formed precipitate, 2 and 3a-f, were collected by filtration, washed with aqueous methanol, dried and crystallized from methanol. Yields, melting points and physicochemical data are given in table 1. IR, UV and 1 HNMR spectral data are given in tables 2 and 3 respectively.
Calculation of log P values
The log P values of the synthesized derivatives were computed with a routine method called calculated log P (Clog P) contained in a PC-software package (MacLogP 2.0, BioByte Corp., CA, USA). A representation of the molecular structure where hydrogens are omitted, or 'suppressed' (SMILES notation), is entered into the program, which computes the log P based on the fragment method developed by Leo [17] .
Kinetic Measurements
Degradation rates of the synthesized derivatives 2 and 3a-f in aqueous solution of isotonic phosphate buffer, pH 7.4, was determined at 37°C. The ionic strength of the prepared buffer solution was adjusted with KCl to µ = 0.5. 
Antimicrobial activity
Fungal cultures and Antifungal activity
Six fungal species were used in the present study:
Aspergillus flavus Link, Candida albicans (Robin) Berkhout, Penicillium expansum Link, Fusarium oxysporum Schlechtendal, Trichoderma harzianum
Rifai and Trichoderma rubrum (Castellani) Sabouraud.
These fungi were obtained from the culture collections of the Botany Dept., maintained and tested on Sabouraud dextrose agar (SAD) medium.
Spore suspension in sterile distilled water was prepared from 3-5 days old culture of the test fungi growing on SAD medium. The final spore concentration was 5x10 4 spores Cm -1 . About 20 ml of growth medium were introduced on sterilized plates of 9 Cm diameter and inoculated with 1ml of spore suspension.
Plates were shaken gently to homogenize the inoculum.
Antifungal activity of the tested compounds was performed by the standard agar disk diffusion method [18] as follow:
Sterile 6 mm filter paper disks (Whatman) were impregnated with solutions of various concentrations of the tested compound (25, 50 and 100 µM/ml in DMSO).
In addition, other disks were impregnated with the solvent (DMSO) and served as control. The impregnated disks were then dried for 1 hour and placed in the center of each plate. The seeded plates were incubated at 30±2 o C for 7 days. The radius of the inhibition zones (in mm) were measured at successive intervals during the incubation period. Triplicate set were applied for each treatment.
Bacterial cultures and Antibacterial activity
Authentic pure cultures of Bacillus serreus (Gram +ve) and Serratia rhodnii (Gram -ve) were obtained from the bacteriological lab., Botany Dept.
Petri plates were prepared with nutrient agar (15 ml for each plate) and an adequate amount of bacterial inoculum was floated onto each plate, excess inoculum was removed and the plates were dried for 30 minutes at 37 o C.
Antibacterial activity of the tested compounds was determined by the standard agar disk diffusion method [18] as described above.
The inoculated plates were incubated at 37 o C. The radius of the inhibition zones (in mm) were measured after 48-72 hours. Triplicate set were applied for each treatment.
Results and Discussion
Chemistry
The target compounds, 2a-f and 3a-f, were synthesized by reaction of the appropriate amine, 1a-f, with carbon disulfide and potassium hydroxide to give the dithiocarbamate potassium salts which was not i solated. This followed by 
Lipophilicity
Enhancement of the lipophilicity of drug molecules may be rendering them more capable of penetrating various biomembrane consequently improving their permeation properties toward microbial cell membrane [19] [20] [21] .
Lipophilicity of the synthesized derivatives, 2a-f and 3a-f, is expressed in the term of their log P values. These values, table 1, were computed with a routine method called calculated log P (Clog P) contained in a PC-software package described in experimental section. Computation of the log P is based on the fragment method developed by Leo [17] . Estimated results of these compounds revealed that the β-phenylalanine derivatives, 3a-f, are more lipophilic than the corresponding β-alanine analogues, 2a-f. It is an expected result due to the contribution of phenyl moiety in the former compounds.
Kinetic Measurements
The degradation kinetics of the synthesized derivatives, 2a-f and 3a-f, were studied in aqueous buffer solution of pH 7.4, physiological pH, at 37°C. At 
Antimirobial Activity
Antifungal Activity
The antifungal activity of the synthesized compounds, 2a-f and 3a-f, was tested in vitro against dermatophyte ( Trichoderma rubrum), pathogenic ( Candida albicans), aflatoxine producing ( Aspergillus flavus), and phytopathogenic (Penicillium expansum, Fusarium oxysporum and Trichoderma harzianum) fungi using the standard agar disk diffusion method [18] . Results of the in vitro antifungal investigation revealed that ß-alanine derivatives that bearing aralkyl group on the 3 ed position of THTT moiety, 2e and 2f, exhibited antifungal activity against two strains of the tested fungi. At 100 µM ml -1 concentration, significant growth inhibitory activity produced by 2e on C. albicans and F. oxysporum, with inhibitory zones of 12 and 11mm respectively. However, 2f produced a fairly good antifungal activity against C. albicans with inhibitory zone of 7mm. Furthermore, at the lower concentration, 50 µM ml -1 , 2e solely showed quite good activity against F. oxysporum with inhibitory zones of 8mm.
Antibacterial Activity
The antibacterial activity of the synthesized compounds, 2a-f and 3a-f, were also 
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